Abstract. To analyze the vertical vibration characteristics of in-wheel motor electric vehicle suspension, through MATLAB/ Simulink for simulation and analysis, a vertical kinetic model of 1/4 vehicle is built. Without changing the original premise of vehicle suspension parameters, vehicle vertical vibration acceleration of in-wheel motor as unsprung mass and wheel dynamic load are in turn to be simulated, to study the influence of the increase of the unsprung mass on the vertical vibration of the suspension because of the introduction of in-wheel motor. The research results provide a reference for improving the NVH characteristics of in-wheel motor electric vehicle.
Introduction
Recently years, in-wheel-motor electric vehicle (driven by two or four electric wheels) has drawn much attention from the automobile industry both home and abroad for its unique advantages in compact structure and efficiency of power transmission [1] [2] . In the in-wheel-motor electric vehicle, the motor are put in the wheel hub, the motor integrated with the wheels, and the wheels driven by the motor directly. It saves the engine, clutch, gearbox, drive shaft, the main reducer and differential gearbox, drive shaft and differential transmission system. However, there are some controversial challenges of in-wheel motor in practical engineering [3] [4] . Firstly, the combination of motor and hub will increase the unsprung mass of vehicle, which adversely affects the vehicle's riding performance and riding comfort. Secondly, the motor is easily impacted by road as it is directly fixed on wheel, which may intensify the magnetic gap fluctuation between stator and rotor as well as reduce the service life of motor. Thirdly, the torque ripple of motor affects wheel directly, which will lead to the sympathetic vibration of the front and back of suspension and the vibration of the whole drive system. Therefore, it is of great significance to study the influence of in-wheel motor on the vertical vibration of the suspension caused by the increase of the unsprung mass.
Vertical Kinetic Model of In-wheel-motor Electric Vehicle The Establishment of the Simplified Vertical Vibration Model of 1/4 Vehicle
The kinetic model of in-wheel-motor electric vehicle is composed of vehicle suspension model and in-wheel motor of unsprung mass. The simplified vertical vibration model of 1/4 vehicle with inwheel motor is shown in Figure 1 
= + (4) Among it, m1 is unsprung mass (excluding the mass of wheel motor); m2 is sprung mass; m3 is the in-wheel motor mass; k1 is stiffness of tire and c1 is damping of tire; k2 is stiffness of vehicle suspension and c2 is damping of vehicle suspension; y0 is road surface roughness, y1 is wheel and y2 is body displacement; Ft is the fluctuation of tire ground force; Fn is the exciting force (vibration input) of the sprung mass m2.
The parameter values of the 1/4 vehicle vertical vibration model is in Table 1 . 
Stochastic Input Simulation Model for Road
In the International Road Roughness Test [5] , the roughness of the road is defined as the deviation of the road from the ideal plane along the running direction of the vehicle. The power spectral density function of road can represent the distribution of road roughness energy in the spatial frequency domain, using the following formula as the fitting expression: ; Gq(n0) is the road power spectral density at the reference spatial
frequency and called the road roughness coefficient. Its value depends on the road grade; W is the frequency index, the frequency of the slope of the double logarithmic coordinates, which determines the frequency structure of the road power density. The road can be divided into 8 classes, among which Class-B road is the closer to real road. Thus, based on equation (8) a Class-B simulation road is built through SIMULINK shown in Figure 8 . The speed of vehicle is set at 30m/s and the simulation time is 30s. The curve of random road excitation is shown in Figure 3 . 
Vertical Vibration Simulation of the Suspension
To study the effect of the increase of unsprung mass on the vehicle ride comfort after adding the wheel motor, the SIMULINK simulation model of Class-B road shown in Figure 2 is used as input, and the 1/4 vehicle dynamics model of in-wheel motor electric vehicle is taken as research object. Vehicle vertical vibration acceleration under the condition of unsprung mass and wheel dynamic load are simulated in turn when the non-sprung mass of the wheel motor is changed in 5kg increments to study the influence of the increase of the unsprung mass on the vertical vibration of the suspension caused by the introduction of in-wheel motor.
The wheel dynamic load t F and the spectrum of the vertical vibration acceleration of vehicle are shown in Figure 4 and Figure It can be seen from Figure 12 and Figure 13 that the power spectral density of the wheel dynamic load Ft and vehicle vertical vibration acceleration increases significantly as the unsprung mass increases from 45 kg in increments of 5 kg each.
It is observed from Figure 12 that the peak power spectral density of the wheel dynamic load focus on 2.5Hz ~ 5Hz and 10Hz ~ 23Hz. When the unsprung mass increases from 45 kg to 50 kg, the peak value of power spectral density has a small increase which from1.9×10 , when the vertical vibration acceleration of vehicle is concentrated at about 10Hz and the unsprung mass increases from 45kg to 60kg. This frequency is in the range of the human body's spine system that is most sensitive to the vertical vibration (8 ~ 12.5Hz), which has a great influence on the subjective evaluation of the ride comfort.
Conclusions
Based on the above analysis, shows that 1) As the in-wheel motor increases the unsprung mass of vehicle, deteriorates the vibration isolation of suspension, and affects the running performance of vehicle, further studies should be carried out on the optimization, innovation, and design of the motor vibration system, the torque and speed control of motor, and the design of suspension system, to mitigate the effect of in-wheel motor on the running performance of vehicle.
2) Due to the introduction of the in-wheel motor, which increases the dynamic load of the tire, affects the grip of the tire, causes the vehicle vertical vibration aggravation and the driving force instability. It is not conducive to vehicle driving and driving safety. Thus, it is urgent to carry out further studies on the vertical kinetics of in-wheel-motor electric vehicle as well as the suppression method of mechanical-electric coupling vibration.
